Introduction
White light generation through GaN-based light emitting diodes (LEDs) has a number of advantages over the existing incandescent and halogen lamps in power, efficiency reliability and long lifetime [1] . So, they are widely uti- * E-mail: chendh46@hotmail.com lized in many applications such as automotive displays and traffic signals. The light-conversion phosphors for solid state lighting have attracted much attention in recent years [2] . The alkaline earth aluminates, doped by divalent europium, are novel and efficient persistent luminescence materials. They are an important class of phosphors for their high quantum efficiency in the visible region [3] , and can provide durable properties with ultraviolet light [4] . SrAl 2 O 4 : Eu 2+ has the tridymite-like structure and good phosphorescence with UV irradiation, but gives very low persistence [5] . Q. Su et al. prepared SrAl 2 O 4 : Eu 2+ phosphors, and found that it is a good green phosphor for a white LED excited with a UV-LED chip [6] . had increased the efficiency of SrAl 2 O 4 : Eu 2+ and extended its excitation band to a longer wavelength [7, 8] . In previous investigations, the added B 2 O 3 is substituted in the AlO 4 framework of SrAl 2 O 4 , resulting in the enhancement of luminescence intensity at low concentration [9, 10] . In the LED phosphor, the enhanced luminescence intensity is needed. The conventional solid state reaction for preparing WLED phosphors requires a high calcining temperature and the product is inhomogenous [11] . With the development of scientific technologies on materials, such as coprecipitation [12] , sol-gel [13] , microwave [14] and combustion synthesis [15] [16] [17] [18] , methods have been applied to prepare rare earth ions and activation alkaline earth aluminates. All of these methods were conducted in liquid phases so that each component can be accurately controlled and uniformly mixed. The combustion process to prepare the WLED phosphors, however, is very facile and only takes a few minutes, and has been extensively applied to the preparation of various oxide materials. In this paper, we report on the preparation of greenemitting phosphor (Sr, Zn)Al 2 O 4 : Eu 2+ , B 3+ by means of a combustion synthesis method using urea as a fuel, starting from mixed metal nitrates. The present work was motivated to research the crystal structure formed at different temperatures, measure the particle size, and study the luminescence intensity of Sr 0 9 (Al 2− , B )O 4 : Eu 2+ 0 1 particles under the excitation of UV light with changing boron concentration. To enhance the emission intensity, we tried to substitute zinc atoms for the strontium site and investigated the luminescence properties. So, the luminescence properties of (Sr 1− , Zn ) 0 The stoichiometric amount of reagents was dissolved into a certain amount of deionized water to obtain a homogeneous solution and then stirred at 70°for 4 h. After completely stirring, the precursor solutions were introduced into a muffle furnace maintained at various temperatures from 400°to 900°. Initially, the solutions boiled and underwent dehydration, followed by decomposition with large amounts of gases (oxides of carbon, nitrogen and ammonia) escaping, then, spontaneous ignition occurred and underwent smouldering combustion with enormous swelling. The whole process is over within less than 5 min. The voluminous and foamy combustion ash can be easily milled to obtain the powder of (Sr 1− , Zn ) 0 9 (Al 2− , B )O 4 :Eu 2+ 0 1 .
Sample characterization
X-ray diffraction (XRD) patterns were recorded on an Xray diffractometer (Bruker D8 diffractometer, Bruker Corporation of Germany, operating at 40 kV and 40 mA, and using Cu Kα=1.5406 Å) for crystal phase identification. The morphology and dimension of the product were observed by transmission electron microscope (TEM), a Tecnai G20 (FEI Corporation of Holland), using an accelerating voltage of 200 kV. The emission spectra were measured at room temperature on a PerkinElmer LS-55 (PerkinElmer Corporation of USA) luminescence spectrophotometer equipped with a xenon discharge lamp as an excitation source. All the luminescence properties of the phosphors are studied at room temperature. The stoichiometric composition of the redox mixture was calculated based on the total oxidizing and reducing valency of the oxidizer and the fuel. For the combustion synthesis of oxides, metal nitrates are employed as oxidizer and urea is employed as a reducer [19] . With the calculation of oxidizer to fuel ratio, the elements were assigned formal valences as follows: Sr = +2, Al = +3, Eu = +3, C = +4, N = 0, O = -2 and H = +1. Accordingly, the oxidizer and fuel values for the various reactants are as given below: For complete combustion, the oxidizer/fuel ratio should be equal to 1. The molar ratio of the reactants taken in 0 0 1 powder samples at the initiating combustion temperature of 400-900°. The sample begins to appear at the SrAl 2 O 4 monoclinic phase at an initiating temperature of 400°. By increasing the initiating temperature, the diffraction peaks become sharper and stronger, which indicates that the proportion of the monoclinic phase increases, and leads to a pure monoclinic SrAl 2 O 4 phase form at 600°(JCPDS date file No. 34-0379), no other products or starting materials were observed, implying that the phase composition of the precursor powders are all low-temperature monoclinic phase (α-phase) [20] . Also, it is found that there exists a mixture of the monoclinic and hexagonal polymorph for the sample at the initiating temperature of 700°(JCPDS date file No. 31-1336). SrAl 2 O 4 undergoes a phase transition from a low-temperature monoclinic phase (α-phase) to a high-temperature hexagonal phase (β-phase) at 650° [21] . Fig. 2 and Fig. 3 illustrate the emission and excitation spectra of (Sr 0 9 , Eu 0 1 )(Al 2− , B )O 4 phosphors with different B 3+ concentrations, y, respectively. The highest intensity was observed when the content of B 3+ was 8 mol % (y = 0.08 in Fig. 3) . Thus, the content of B 3+ was fixed at 8 mol %. The codopant B 3+ ion is substituted for the Al 3+ sites, which is proved by IR and NMR measurement [10] . Based on previous work [22] , an increase in the concentration of oxygen vacancies by codoping with B 3+ is responsible for the improvement of luminescence. As shown in Fig. 3 , the excitation spectra of (Sr 0 9 , Eu 0 1 )(Al 2− , B )O 4 are very broad, which means the phosphor can be well excited from the 360 to 410 nm, fitting in with the white light-emitting diodes chips. A broad excitation band has been observed, the typical absorption spectrum of Eu 2+ is attributed to transitions from 4 7 ground state to the excited state 4 6 5 1 [23] . It was clear that the substitution of boron was helpful for increasing the luminescent intensity. The phosphor for the WLEDs should have a good excitation spectrum in the wavelength from 370 to 410 nm [8] . So, the codoping of B 3+ (y = 0.08) greatly enhanced the excitation properties in the wavelength range shorter than 400 nm. From the results so far achieved, it has been confirmed that the codoping of B 3+ is helpful and necessary to improve the luminescence of strontium aluminates. To improve the luminescence intensity, an attempt was made to replace strontium with zinc. Fig. 7 shows the emission spectra of (Sr 1− , Zn ) 0 9 (Al 1 92 , B 0 08 )O 4 :Eu 2+ 0 1 particles which were prepared using the combustion method. All spectra were measured by the illumination of UV (λ = 390 nm) light. The emission was enhanced until the content of zinc increased up to 40% (x = 0.4). When the concentrations of zinc was over 60%, however, the emission intensity was much lower than that of the and the crystal structure, allowing some different emission sites to be formed. Fig. 8 shows the emission spectra of the samples prepared at the zinc content of higher than 70%. When the strontium was completely replaced with zinc, no emission peak was observed under the λ = 390 nm. However, a new peak appears at 460 nm in the samples When the content of zinc is 80-90 %, the Eu 2+ ions occupy the Sr 2+ sites. Such a significant addition of Zn, whose size is much smaller than Sr, leads to some shrinkage of the lattice. This will exert a larger crystal field on the Eu dopant. Therefore, the 460 nm emission (λ = 390 nm) for the x = 0.8 and 0.9 samples results from the 4 6 
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